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AIRFOIL IN DIFFERENT POSITIONS 
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SUMMARY 

Aerodynamic force tests were made on a combination 
of a Clark Y wing and a narrow auxiMary airfoil to find 
the best location of the auxiliary airfoil with respect to 
the main wing. The auxiliary was a highly cambered 
airfoil of medium thickness having a chord 14-5 per cent 
that of the main wing. It was tested in 141 different 
positions ahead of, above, and behind the nose portion of 
the main wing, the range of the test points being extended 
until the best aerodynamic conditions were covered. 

A range of positions was found in which the combi- 
nation of main wing and auxiliary gave substantially 
greater aerodynamic efficiency and higher maximum lift 
coefficients {based on total area) than the main Clark Y 
wing alone. In the optimum position tested, consider- 
ing both the maximum lift and the speed-range ratio, the 
combination of main wing and auxiliary gave an increase 
in the maximum lift coefficient of 32 per cent together 
with an increase in the ratio Ci; n ai/Ox>m«o of 21 per cent 
of the respective values for the main Clark Y wing alone. 

INTRODUCTION 

la an effort to provide means for obtaining lower 
landing speeds and greater speed ranges, many devices 
have been developed for increasing the maximum lift 
without excessive increase of the drag. These devices 
include pilot planes, slots, flaps, etc., most of which 
have movable parts entailing a certain amount of 
complication. In this field recent tests have been 
made by the National Advisory Committee for Aero- 
nautics on a Clark T airfoil with Handley Page type 
slots, in which the slat portion was tested in a large 
number of different positions to determine the best. 
(Keference 1.) A series of tests has also been made to 
develop a fixed slot for the same airfoil giving a rea- 
sonably high maximum lift coefficient with the lowest 
possible minimum drag coefficient and having no 
movable parts. (Keference 2.) 

The present investigation consists of further tests 
of the same type on a Clark T wing with a narrow aux- 
iliary airfoil tested in a sufficient number of locations 
and angular positions with respect to the main wing 
to determine the optimum one. These tests, as well 



as those previously mentioned, were made in the 
N.A.C.A. 5-foot vertical tunnel under the same 
conditions 

In addition, these tests were made at the same air 
speed and on a model having the same chord as that 
used in a standard series of controllability and stability 
tests . (reference 4) which are being made in the 
N.A.C.A. 7 by 10 foot tunnel. Aileron tests on a 
wing with the auxiliary airfoil in the best position will 
be included in the series. 

APPARATUS AND METHODS 

Wind tunnel. — The N A.C.A. vertical wind tunnel, 
which has an open jet 5 feet in diameter and a closed 
return passage, is described in detail in reference 3. 

A "reflection plane" and half-span model were 
used because a full-span wing of aspect ratio 6 and 10- 
inch chord could not be tested in the vertical tunnel. 

The drag forces were transmitted from the wing by 
two fine wires to a platform balance above the tunnel. 
The lift forces were transmitted by a system of bell 
cranks and rigid rods to two platform balances mounted 
on the tunnel test floor. A detailed description of the 
arrangement may be found in reference 1. 

Models. — The main wing, which had a Clark T 
section, had previously been used in the fixed-slot 
tests of reference 2, and for the present tests the slot 
was filled with "Plasticine." The auxiliary airfoil, 
because of its small size, was made of aluminum alloy. 
It was a highly cambered airfoil of medium thickness 
ratio (12 per cent) and had a chord 14.5 per cent of the 
chord of the main wing. It had previously been used 
during one stage of the fixed-slot development. For 
the present tests it was supported on the main wing by 
thin metal plates at each end and by a small bracket at 
midspan. The details of the supporting plates and 
the ordinates of both main and auxiliary airfoils are 
given in Figure 1. 

Tests. — The tests were made with the trailing edge 
of the auxiliary airfoil in 24 different locations with 
respect to the main wing. At each location of the 
trailing edge tests were made with the chord line of 
the auxiliary at several different angles, 5, with respect 
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to the chord line of the main wing, making 141 posi- 
tions in all. The first arrangement (pi. 1, fig. 1) in- 
cluded only 12 locations of the trailing edge. Others 
were then added until the optimum was found. 

In the main series of tests the lift and drag were 
measured at various angles of attack for each position 
of the auxiliary. Readings were taken at 1° intervals 
to cover the region of the minimum drag and maxi- 
mum lift coefficients and several points were taken in 
between to determine the shape of .the lift and drag 
curves. Pitching moments, which required a slight 
change in the balances, were also measured for a few 
of the better positions of the auxiliary airfoil. 



AUXILIARY ORDINATES 
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Fiar/KE 1.— Clark Y wing with aoifllary airfoil and mounting plates. 
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The tests were made at a dynamic pressure of 16.37 
pounds per square foot, which corresponds to an air 
speed of 80 miles per hour under standard atmospheric 
conditions at sea level. The Eeynolds Number with 
the above test conditions and the main wing chord of 
10 inches was 609,000, which is about one-third of 
that for an ordinary small airplane while landing. 

RESULTS 

The results are given in terms of the standard 
absolute coefficients of lift and drag, and center of 
pressure (G L , 0 D , and c.p.), the latter referring to 
the chord of the main wing. In the computation of 
these coefficients the total area of the main wing plus 
the auxiliary was used. 

Curves of the lift and drag coefficients plotted 
against the angle of attack for all positions of the 
auxiliary with respect to the main wing are given in 
Figures 2 to 25, inclusive. Each figure includes the 



results for the various angles of the auxiliary at one 
location of its trailing edge, and also the curves for 
the main wing alone. 

The values of Clou*, 0 D mm, and the angle of attack 
for Cimau are given in Table I along with the values 
of the ratios G Lmu JO Dml n and (Ozmax) 2 IO Dmin for 
each position of the auxiliary airfoil. 

For facilitating the selection of the position of the 
auxiliary airfoil giving the 'highest values of Clum 
contours of equal values of the maximum lift coeffi- 
cient are given in Figure 26. The value at any point 
represents the maximum that can be obtained with 
any angular position 5. Similar contour charts 
for the equal values of the ratios 0^x10^^ and 
(.CLmnY/ODmin are given in Figures 27 and 28, respec- 
tively. 

. Curves of the center of pressure plotted against 
angle of attack are given for a few of the better posi- 
tions of the auxiliary in Figures 7 and 8. The values 
for the Clark T wing alone are also included for 
comparison. 

Effect of supporting plates. — The accuracy of the 
present tests was about the same as that of the previous 
tests with the same set-up (references 1 and 2) except 
for the effect of the rather large end plates which sup- 
ported the auxiliary airfoil. To find the effect of the 
plates on the results, the tests with one of the better 
locations were repeated with the supporting plates 
cut down (fig. 1, dotted lines). The results of these 
tests showed that the effect on the drag and center of 
pressure was within the limits of experimental error 
and therefore negligible. The effect on the lift co- 
efficients was noticeable but small, the values being 
about 2 per cent greater with, the large end plates. 
This value was considered sufficiently small to be 
neglected in the present comparisons. 

DISCUSSION 

The contour lines in Figure 26 indicate that the 
position of the auxiliary airfoil giving the highest 
value of the maximum lift coefficient was that with 
the trailing edge about 3 per cent c ahead of the nose 
and 10 per cent c above the chord fine of the main 
wing, c being the main-wing chord. The highest 
value actually measured ((7^ = 1.812) was found at 
the point with the trailing edge of the auxiliary 5 per 
cent c ahead of the nose and 6.5 per cent c above the 
chord fine of the main wing, with 8 equal to —30°. 
Another region which gave a high maximum lift co- 
efficient was in the neighborhood of 17 per cent c 
ahead of the nose and 12 per cent c above the chord 
line, where the highest value of C Lmax was about 1.73. 
The highest actual test point in this region was 15 per 
cent c ahead of the nose and 12 per cent c above the 
chord fine with 5 equal to —2.5°, an angle which is 
obviously better for obtaining a low value of 0 Dm { 0 . 
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Fioubb 2.— Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 25 per cent chord ahead of leading edge and 6.6 per 
cent chord above chord line of main wing 
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Fiouee 4.— Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 26 per cent chord ahead of leading edge and 19.6 per 
cent ohord above chord line of main wing 
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Fiouee 3— Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 25 per cent ohord ahead of leading edge and 13 per 
cent ohord above ohord line of main wing 
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Figure 6.— Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 26 par cent ohord ahead of leading edge and 27 par 
cent ohord above ohord line of main wing 
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Figure 6.— Characteristics of combination ol main and auxiliary wings with trail- 
ing edge of auxiliary 18 per cent chord ahead of leading edge and is, per cent 
chord above chord line of main wing 
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Figure 7.— Characteristics of combination of main and auxiliary wings with troll- 
ing edge of auxiliary 15 per cent chord ahead of leading edge and 13 per cont 
chord above chord line of main wing 
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Figure 8.— Characteristics of combination of main and anxfllary wings with trail- 
ing edge of auxiliary 15 per cent chord ahead of leading edge and 19.5 per cent 
chord above chord line of main wing 
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Figure 9.— Characteristics of combination of main and auxiliary wings with trail- 
ing edge of auxiliary 10 per cent chord ahead of leading edge and 5 per cent 
chord above chord line of main wing 
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Fiqxtbe 10.— Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 10 per cent chord ahead of leading edge and 10 per cent 
chord above chord line of main wing 
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Fiqdee 12.— Characteristics of combination of main and an-rTUnry wings with 
trailing edge of auxiliary 6 per cent chord ahead of leading edge and 6.5 per cent 
chord above chord line of main wing 
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Figure ll.— Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 10 per cent obord ahead of leading edge and 15 per cent 
chord line of main wing 
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FiauBE 13. — Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary S per cent chord ahead of leading edge and 21.6 per 
cent chord above chord linn of main wing 
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Fiqtoe 14. — Characteristics ot combination ot main and auxiliary wings with 
trailing edge of auxiliary 3 per cent chord ahead of leading edge and 4 per cent 
chord above chord 11ns of main wing 
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Florae 16.— Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 0 per cent chord ahead of leading edge and IS per cent 
chord aboTe chord line of main wing 
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FrouBE IS. — Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 0 per cent chord ahead of leading edge and 10 per cent 
chord above chord line of main wing 
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Floras 17.— Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 0 per cent chord ahead of leading edge and 20 per, cent 
chord above chord line of main wing 
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Fioure 18.— Characteristics of combination of main and auxiliary wings 
with trailing edge of auxiliary 5 per cent chord behind leading edge 
and 24,8 per cent chord above chord line of main wing 
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Fiquee 19.— Characteristics of combination of main and auxiliary wings with trailing 
edgo of auxiliary 10 per cent chord behind leading edge and 12 per cent chord above 
ohord line of main wing 
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Fioobe 20.— Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 10 per cent chord behind leading edge and 17 per 
cent chord above ohord line of main wing 
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Figure 21.— Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 10 per cent chord behind leading edge and 22 per 
cent ohord above chord line of main wing 
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Fiodke 22.— Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 15 per cent chord behind leading edge and 28 per 
cent chord above chord line of main wing 
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Figuee 34.— Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 20 per cent chord behind leading edge and 10 per 
cent chord above chord line of main wing 
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Fioube 23.— Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 20 per cent chord behind leading edge and 14 per 
cent ohord above chord line of main wing 
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Fiowe 25.— Characteristics of combination of main and auxiliary wings with 
trailing edge of auxiliary 20 per cent chord behind leading edge and 24 per 
cent chord above chard line of main wing 
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The ratio CimuJOimm is an indication of the suita- 
bility of a -wing for giving a high speed range, and for a 
given minimum speed and total weight shows the 
relative merits of different wing arrangements in the 
high speed obtainable. A chart having contour lines 
for even values of the ratio Czaua/G omui is given in 
Figure 27. The maximum values of this ratio were 
obtained with the trailing edge of the auxiliary in the 
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Per cent chord 

StaTOE 28.— Contours of equal values of Cmn obtained with various settings ot 
trailing edge of auxiliary airfoil. The value at any point represents the maximum 
that can be obtained with any angular position 

neighborhood of 17 per cent c ahead of the nose and 
14 per cent c above the chord line of the main airfoil. 
The best location actually tested was that with the 
trailing edge of the auxiliary 15 per cent c ahead of 
the nose and 12 per cent c above the chord line, equal 
values being obtained with the chord of the auxiliary 
parallel to and at an angle of +2.5° to the chord of 
the main wing. (This position, it will be noted, is in 
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Piquee 27. — Contours of equal values of CLmax/Cbtaia obtained with various 
settings of trailing edge of auxiliary airfoil. The value at any point represents 
the marimiim that can be obtained with any angular position 

the second best region for high maximum lift coeffi- 
cients.) The value of the ratio obtained at this point 
was 104.5, which is about 21 per cent higher than that 
for the main Clark T wing alone (86.3) which seems 
remarkably fortunate considering that the maximum 
lift coefficient was 1.705 as compared with 1.295 for 
the main wing alone. 

At the position which gave the highest value of 
Oiam* actually tested (5 per cent c ahead of the nose, 
6.5 per cent c above the main chord line, 5= —30°), 



the ratio Czm^JGrnaiu was 49.3 — a value which would 
make the combination practically unusable if the 
auxiliary airfoil were fixed in position. 

Selection of optimum position of auxiliary airfoil. — 
In the selection of the optimum position of the auxil- 
iary airfoil with respect to the main wing, it is ob- 
viously advantageous to have a high value of the 
maximum lift coefficient, permitting the use of a rela- 
tively small wing with the lowest possible weight. It 
is also obviously an advantage to have the highest 
possible maximum speed with a given minimum and 
both of these points must be given consideration. 
The values of Gtmax and Gia^JGoana given for any 
particular trailing-edge location in Figures 26 and 27 
do not usually represent the same angular setting 5, 
which makes the actual selection of an optimum 
position rather complicated. One method of making 

28r 
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Fiouee 28.— Contours of equal values of (Cu»h)VCi»»i» obtained with various 
Bettings of trailing edge of auxiliary atrfoQ. The value at any point represents 
the maximum that can be obtained with any angular position 

such a selection is, of course, to base it on one's judg- 
ment, having studied the values for each position 
given in Table I. In order to facilitate this selection 
a criterion has been arbitrarily chosen which contains 
both 

^Xmax 

and the ratio Ctmax/Cjjnun and gives them 
equal importance by taking the product of the two. 
The resulting criterion is the ratio {pinna? IGimxa. 

The contours in Figure 28 represent the values of this 
ratio for the best angular setting 5 at each location of 
the trailing edge of the auxiliary. On this basis the 
optimum location is about 17 per cent c ahead of the 
nose and 14 per cent c above the main chord line, 
which is the same as the location giving the highest 
value of Gimax/Gmam and at the same time is in the 
second highest region for Of the points actually 

tested, that giving the highest ratio of (C&naJVClDmin 
was 15 per cent c ahead of the nose and 12 per cent c 
above the chord line, the chord of the auxiliary being 
parallel to the chord of the main wing. A value very 
nearly as high was obtained with the same trailing- 
edge location and 5= +2.5°. In either of these posi- 
tions the angle of attack for the maximum lif t coefficient 
was 24°, and the lift curve dropped sharply just above 
this point. 

Curves of the center of pressure against angle of 
attack are given for values of 5 of 0°, +2.5 



°, and -5° 
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for the optimum location of the trailing edge of the 
auxiliary, together with the lift and drag curves in 
Figure 7. The center of pressure in each case is 
practically constant at 20 per cent c hack of the leading 
edge of the main wing for angles of attack from about 
3° to that of the stall. At the stall the center of pres- 
sure goes suddenly hack, giving a stable pitching 
moment. As the angle of attack is reduced below 3° 
the center of pressure travels back in the normal 
unstable direction, but at zero lif t the unstable pitching 
moment is much less than that of the Clark Y wing 
alone. It is evident that an airplane with a wing and 
auxiliary airfoil in the optimum position would require 
a smaller horizontal tail plane to have satisfactory 
static longitudinal stability and balance at all angles 
of attack than the same airplane with the same main 
wing but without the auxiliary. In order to find 
whether this range of center-of-pressure travel was 
confined to one location of the auxiliary, the values 
were also measured for one other location that gave 
high values of maximum lift coefficient and speed- 
range ratio. For this position the trailing edge of the 
auxiliary was 15 per cent c ahead of the nose and 19.5 
per cent c above the chord. line and the chord of the 
auxiliary was parallel to the chord of the main wing. 
The center-of T pressure curve is given in Figure 8. The 
characteristics, it will be noted, are the same as for the 
other location of the a uxili ary. 

A matter deserving consideration in regard to the 
optimum position of the wing and auxiliary arrange- 
ment is the high value of the drag coefficient at the 
angle of attack for maximum lift. This high value 
makes possible steep glides, which are advantageous 
for making short landings. The value of L/D at maxi- 
mum lift is only about 3.5 as compared with 8 for the 
Clark T wing alone. These correspond to glide-path 
angles for the wings alone of 16° and 7°, respectively. 
Since the optimum combination of main wing and aux- 
iliary has, in the climbing range, values of L/D ratio 
nearly as high as the Clark T alone, the favorable char- 
acteristic of a high drag at the higher angles of attack 
is probably due to the stalling of the auxiliary airfoil. 

Inasmuch as the first arbitrarily chosen combination 
of wing and auxiliary airfoil was found, when the aux- 
iliary airfoil was put in the proper position, to give 
results substantially superior to those with single wings 
or previous combinations, it is very probable that still 
better combinations can be found. The present in- 
vestigation should therefore be considered as only a 
beginning and should be followed by further tests with 
several carefully chosen airfoil sections, in which the 
best relative size of the main wing and auxiliary 
airfoil, as well as the best location in each case, are 
determined. 

Comparison of optimum combination with slotted 
wings. — The earlier tests, including the best Handley 
Page type slot and the best fixed slot (references 1 and 



2) developed with the same basic wing under the same 
test conditions, give an opportunity to compare di- 
rectly the slots with the optimum combination of wing 
and auxiliary airfoil found in the present tests. The 
following table gives the data for the best combination 
in each set of tests as taken directly from the reports. 







Clou 


a for 


Vina In 


(Ci».0* 

(.'Drain 


Clark T wing alone 


0.0160 


1.296 


o 
16 


88.3 


in.0 


Handley Page type antomatio 












slot.. . 


•.0161 


1.840 


23 


114.2 


210 


Filed slot 


.0229 


L761 


24 


76.4 


134 


Wing with auxiliary airfoil 


».0187 


•1.961 


24 


104.6 


»201 



i Plain wing Co increased 7.1 per cent to allow for imperfect form with slot closed. 
(Reference 6.) 
> Coefficients based on area of main wing alone. 



In the computation of these coefficients the area of 
the original wing, assuming the slot closed, was taken 
in the case of the Handley Page slot, although with 
the slot open the arda was actually greater. The area 
of the original wing was used in the case of the fixed 
slot which was in effect merely cut through the original 
profile. The values for the wing with the auxiliary 
airfoil are therefore also based on the area of the main 
wing alone. 

In order to enable a more accurate comparison to be 
made, the coefficients have been recomputed on the 
basis of the total wing area in each case, i. e., the area 
of the main wing plus the area of the auxiliary airfoil, 
or the slat, regardless of their positions with respect to 
each other. These recomputed coefficients are given 
in the following table. 











a for 


Cbnla 




Handley Page type antomatio 
slot 


a 0143 


1.632 
L648 
1.706 


0 

28 
24 
24 


114.2 
76.4 
104.6 


180.8 
128.1 
178.3 


Fixed slot 

Wing with auxiliary airfoil 


.02166 
.0163 



On this basis the highest maximum lift coefficient 
was obtained with the wing and auxiliary airfoil of the 
present tests. The speed-range ratio is not quite so 
high as with the movable Handley Page type slot, but 
it is much higher for either of these than for the fixed 
slot or the plain Clark T wing alone. The ratio 
(CuaxJ'/Ojxnin for determining the optimum combina- 
tion gives the Handley Page slot a slight advantage, 
but for practical cases this might be insufficient to 
overcome the disadvantage of the extra mechanism 
required. 

Effect of adding auxiliary airfoil to conventional 
monoplane. — To obtain the best results with a com- 
bination wing and auxiliary airfoil they should, of 
course, be incorporated while the airplane is in the 
design stage. It is interesting, however, to estimate 
the effect of merely adding an auxiliary airfoil to an 
average conventional monoplane. It will be assumed 
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for simplicity that the gross weight remains unchanged 
and that the difference in balance can he taken care 
of by shifting the load forward. If the minimum 
gliding speed of the original airplane were 50 miles per 
hour and the maximum, speed in level flight 115 miles 
per hour, the addition of the auxiliary airfoil in the 
optimum position would decrease the minimum speed 
to about 41 miles per hour and the maximum speed 
to 112 or 113 miles per hour. Also the airplane with 
the auxiliary airfoil could glide at a much steeper angle 
without stalling, and the original tail would give 
somewhat greater static stability than before. If a 
new wing without the auxiliary were supplied having 
the same total area and span as the original wing plus 
the auxiliary, a larger tail would be required to give 
the same stability, the minimum speed would be about 
47 miles per hour, and the maximum speed about 113. 

CONCLUSIONS 

1. A position of the auxiliary wing with respect to 
the Clark T main wing was found which gave a maxi- 
mum lift coefficient of 1.81, 40 per cent greater than 
that for the Clark T wing alone. 

2. A range of positions of the auxiliary airfoil with 
respect to the main Clark T wing was found which 
gave substantial gains in aerodynamic efficiency (effec- 
tiveness) as compared with that of the Clark T wing 
alone. "With the trailing edge of the auxiliary airfoil 
located 15 per cent of the chord of the main wing 
ahead of its leading edge and 12 per cent above the 
main chord line, and the chord lines parallel to each 
other, a value of the ratio Gcmaj/Oxmnn of 104.5 was 
obtained, which is 21 per cent greater than that ob- 
tained for the Clark T wing alone. 

3. The optimum position tested, considering both 
Oxmox aud the ratio C^imai/OiJmin was the same as that 
giving the highest value of the ratio Okmai/Ocmin- 
This position gave a maximum lift coefficient of 1.705 
and a value of the ratio Cxmaj/Cumm of 104.5, which are 
increases of 32 per cent and 21 per cent, respectively, 
over the values obtained with the Clark T wing alone. 

4. This investigation should be extended to include 
different sizes of the auxiliary airfoil with respect to 
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the main wing and different airfoil sections, a suffi- 
cient number of relative positions being covered to 
determine the optimum with each combination. 



Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., February 28, 1988. 
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TABLE I 

IMPORTANT AERODYNAMIC CHARACTERISTICS AND CRITERIONS OF A MAIN AND AUXILIARY 
WING COMBINATION FOR EACH TEST POSITION OF THE AUXILIARY 

Position ol trailing edge of auxiliary airfoil is measured in per cent chord ahead of leading edge and above chord line of main wing 

I Is the angle between chord lines of main and auxiliary airfoils 



Position of T. B. of 
auxiliary airfoil 
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6 


C Drain 




a for 

Clan 






Position of T. B. of 
auxiliary airfoil 


8 


Cumin 


Clbi kx 


a for 

/7r 






Ahead 


Above 


A_ . 




Ahead 


Above 






Plain C 


IarkY. 


Dtgrtu 






Begrcu 










Dtgtui 












. 


a 0150 


1.295 


16 


88.3 


1119 


3 


10 


-40 


a 0593 


1630 


22 


27.5 


417 


25 


6.5 


-5 


.0240 


1.626 


19 


63.6 


97.0 




-36 


.0689 


1638 


22 


27.8 


45.6 






0 


.0191 


1.690 


21 


83.2 


182.2 






-30 


.0586 


1693 


21 


28.2 


419 






2.6 


.0178 


1.698 


21 


89.6 


143.0 






—25 


.0463 


1482 


19 


32.0 


47.6 






5 


.0173 


1.688 


21 


9L7 


145.7 






-10 


.0302 


1118 


16 


37.0 


413 


21 


13.0 


0 


.0179 


1.480 


19 


82.6 


122.2 






0 


.0191 


.916 
.838 


13 


48.0 


410 






2.5 


.0178 


1.593 


21 


89.6 


143.1 






5 


.0172 


13 


48.7 


4a8 






5 


.0176 


L600 


21 


91.5 


148.2 


0 


10.0 


—40 


.0334 


1800 


31 


63.8 


97.0 






7.5 


.0195 


L636 


22 


83.8 


187.0 






-36 


.0292 


1768 


27 


60.6 


107.0 






10 


.0219 


1.811 


22 


73.7 


118.9 






-30 


.0245 


1645 


24 


67.1 


ua6 


25 


19,5 


0 


.0179 


1.390 


18 


77.7 


108.0 






-26 


.0238 


1698 


24 


67.1 


107.1 






5 


.0173 


1.511 


20 


87.3 


132.2 






-16 


.0215 


1360 


20 


63.2 


80.0 






7.5 


.0191 


1.571 


21 


82.2 


129.3 






-5 


.0207 


1149 


17 


66.5 


63.7 


25 




10 


.0199 


1.683 


21 


78.6 


123.0 


0 


16.0 


-30 


.0442 


1443 


23 


32.7 


47.2 


27.0 


-6 


.0224 


1.342 


16 


60.0 


80.5 




-25 


.0358 


1665 


23 


43.4 


87.6 






0 


.0176 


1.342 


16 


76.3 


102.5 






-22.6 


.0339 


1766 


27 


62.1 


92.0 






2.5 


.0183 


1.380 


17 


74.2 


1010 






-20 


.0296 


1710 


26 


67.8 


98.8 


16 




5 


.0189 


1.880 


17 


73.0 


ioa8 






-15 


.0268 


1602 


23 


62.1 


99.8 


4.5 


-20 


.0446 


1440 


18 


32.3 


46.5 






-10 


.0225 


1498 


21 


66.6 


99.8 






-15 


.0368 


1619 


21 


410 


712 






-6 


.0179 


1400 


20 


78.2 


109.6 






—12.6 


.0352 


1.662 


22 


48.9 


77.7 






-2.5 


.0168 


1.370 


19 


86.7 


118.8 






-10 


.0319 


1.602 


21 


60.2 


80.5 






0 


.0166 


1322 


18 


79.7 


106.4 






0 


.0168 


1.495 


20 


88.9 


133.0 


0 


20.0 


-15 


.0279 


1460 


19 


62.4 


718 






2.5 


.0161 


L476 


20 


916 


136.0 






-10 


.0233 


1630 


23 


7a 0 


1112 


15 




6 


.0161 


1.448 


20 


89.8 


13a i 






-7.5 


.0202 


1620 


23 


80.4 


13a 2 


12.0 


-16 


.0367 


1.443 


17 


39.4 


66.8 






-5 


.0164 


1674 


21 


96.0 


1510 






-10 


.0316 


1.603 


21 


60.8 


818 






-2.6 


.0161 


1626 


21 


918 


1418 






-5 


.0222 


1.718 


24 


77.3 


132.8 






0 


.0168 


1468 


20 


87.3 


128.1 






-2.5 


.0191 


1.722 


24 


90.2 


166.2 






. 5 


.0167 


1382 


19 


82.8 


1114 






0 


.0163 


1.705 


24 


1015 


178.3 


—5 


218 


-10 


.0240 


1382 


18 


87.7 


79.8 






2.5 


.0163 


1702 


24 


1015 


178.0 






—5 


.0166 


1432 


19 


86.3 


123.0 


15 




6 


.0174 


1677 


24 


96.2 


16L3 






0 


.0163 


1493 


21 


916 


137.0 


19.5 


-10 


.0298 


1.889 


18 


46.9 


65.5 






5 


.0181 


1388 


19 


76.7 


10a2 






-5 


.0222 


1440 


19 


66.0 


93.6 


—10 


12.0 


-30 


.0216 


1300 


22 


602 


78.3 






0 


.0161 


1.682 


23 


103.2 


172.0 






-25 


.0201 


1392 


18 


69.3 


98.5 






2.6 


.0160 


1.662 


23 


ioa2 


168.3 






-20 


.0171 


1180 


14 


69.0 


816 


10 




6 


.0191 


1661 


23 


87.0 


1418 






-16 


.0173 


100S 


10 


58.2 


68.6 


6.0 


-25 


.0424 


1.490 


19 


35.1 


62.4 






-5 


.0168 


.778 


25 


46.3 


sao 






-20 


.0398 


1.658 


23 


39.1 


6tL9 


—10 


17.0 


-30 


.0168 


1191 


25 


26.0 


310 






-15 


.0363 


1572 


21 


42.7 


67.2 






-26 


.0392 


1308 


22 


33.3 


43.5 






-10 


.0319 


1500 


21 


47.0 


70.6 






-20 


.0278 


1486 


22 


63.3 


70.3 






-5 


.0240 


1.458 


21 


6X7 


88.6 






-17.6 


.0242 


1626 


23 


63.1 


90.4 






0 


.0169 


1.388 


20 


82.1 


mo 






-16 


.0198 


1462 


21 


73.3 


108.8 






2.5 


.0161 


LS60 


20 


816 


116.0 






-12.6 


.0176 


1372 


18 


78 0 


107.1 


10 




5 


.0168 


1.321 


20 


79.6 


105.2 






-10 


.0160 


1300 


19 


sa 7 


112.8 


10.0 


-25 


.0320 


1.600 


19 


46.8 


70.3 






-7.6 


.0158 


1222 


17 


77.4 


910 






-16 


.0304 


1.690 


23 


65.6 


910 






-5 


.0262 


1168 


17 


416 


62.0 






-12.5 


.0298 


1.702 


24 


57.2 


97.6 


-10 


22.0 


-20 


.0384 


1406 


22 


38.6 


614 






—10 


.0300 


1.702 


24 


66.8 


98.6 






-16 


.0286 


1432 


19 


611 


77.5 






-5 


.0215 


1.640 


23 


76.3 


125.1 






-10 


.0181 


1430 


19 


79.0 


113.0 






-2.5 


.0179 


1.606 


23 


89.8 


1411 






-7.6 


.0161 


1466 


20 


9a 4 


1318 






0 


.0169 


L601 


23 


918 


162.0 






-5 


.0168 


1432 


20 


9tt7 


13a 0 






2.5 


.0176 


1.578 


23 


89.6 


1410 






0 


.0160 


1316 


18 


82.2 


103.0 


10 


15.0 


6 


.0182 


1.629 


22 


83.9 


128.4 


-16 


28.0 


-7.5 


.0178 


1398 


17 


78.6 


109.8 


-25 


.0603 


1.440 


19 


28.6 


412 






—6 


.0168 


1332 


17 


813 


112.2 






-15 


.0327 


1.438 


18 


410 


63.3 






-2.5 


.0181 


1320 


17 


82.4 


108.9 






-6 


.0194 


1.650 


24 


80.0 


1210 






0 


.0168 


1360 


18 


86.0 


117.0 






0 


.0164 


1.600 


22 


97.6 


168.0 






2.6 


.0174 


1381 


20 


79.3 


109.8 






2.5 


.0161 


1.692 


22 


93.8 


167.5 






5 


.0176 


1300 


17 


73.8 


96.0 




6.5 


5 


.0166 


1.688 


22 


915 


148.1 


-20 


110 


-16 


.0262 
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